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Abstract—Eight species of Torymus Dalman are associated with coniferous cones, including
three new species described herein: Torymus psendotsiugae Hobbs, from cones of Psendotsuga
menziesii in the United States (California, Idaho) and Canada (British Colombia); Torymus hobbsi
Grissell, from cones of Picea sitcliensis (Bongard) Carriere in the United States (California, Oregon,
Colorado); and Torymus ezomatsuanns Kamijo, from larvae of cecidomyiid in seeds of Picea
glehnii (F. Schmidt) Masters and P. jezoensis (Siebold and Zuccarini) Carriere in Japan (Hokkaido).
The previously described species are: T. azureus Boheman (Holarctic), T. caudatus Boheman (Hol-
arctic), T. festivus Hobbs (Nearctic), T. janetiellae Graham and Gijswijt (Palearctic), and Torymus
tsugae (Yano) (Palearctic). Of the eight known species, five are reported attacking Cecidomyiidae
(Diptera) in coniferous cones, but specific hosts are unknown for the other three. Toryimus tsugae
is recognized and redescribed for the first time since its description in 1918. Torymus caudatus is
reported for the first time from Japan (Hokkaido, ex cones of Picea jezoensis, new host plant) and
from the New World (New York, USA, ex cones of Picea abies (L.) Karsten); T. azureus is reported
for the first time from Japan (Hokkaido, ex seeds of Picea glehnii). An illustrated key to all species

is given.

The hymenopterous family Torymidae
contains a number of species associated
with coniferous cones. Most of these be-
long to the genus Megastigmus Dalman
and are phytophagous within seeds
(Grissell 1999). Less well known are spe-
cies of Torymus Dalman that inhabit
cones. Although little specific host data
are available for these species, it is prob-
able that all are parasitoids of cone-in-
habiting gall flies of the family Cecido-
myiidae (Fig. 31). It is possible, though
unlikely based on known host records for
the genus, that some species may be seed-
feeders or might be attacking seed-feed-
ing Megastigimus. Basically little is known
about these Torymus other than they oc-
cur in coniferous cones. Though they ap-
pear to be of little economic importance,
they likely play some role in the natural

a

control of cone-infesting cecidomyiids,
which in some cases account for loses of
up to 80% in seed production (Masters
2003).

In this paper we review the world’s
known cone-inhabiting Torymus, which
total eight species, including three new
ones described herein. What specific host
data are available are discussed under
each species and a summary host/parasit-
oid list is given at the end of this paper.
This list encapsulates what is known
about host plant, host insect, and the To-
rynnis associated with them. We provide
distribution and economic data for each
species as well as an illustrated key. We
report the first New World occurrence of
Torymus caudatus Boheman, and the first
occurrence of that species and T. azureus
Boheman in Japan.
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METHODS

Our concepts of described Palearctic
species are based on specimens deter-
mined by Graham and Gijswijt (1998) who
designated neotypes for several species (T.
azureus, T. caudatus) and to M. J. Gijswijt
who loaned specimens for examination (T.
caudatus, T. janetiellie Graham and Gijs-
wijt). Examples of these specimens and of
type material of T. festivus Hobbs are
housed in the National Museum of Natu-
ral History, Washington, D.C. The senior
author has examined specimens of all
taxa, including the new species described
herein, and those for the redesciption of T.
tsugae Yano.

Plant nomenclature and distribution
was checked wusing the Germplasm
Resources Information Network (GRIN 2000)
and The PLANTS Database (USDA, NRCS,
2001). Torymus names and hosts were de-
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termined using Grissell (1995), Graham
and Gijswijt (1998), and Noyes (2002). Ce-
cidomyiid host names were checked by
Dr. Raymond Gagné, Systematic Entomol-
ogy Laboratory. The authors’ names for all
plant and insect hosts are given in the
Host Plant/Torymus list at the end of this
paper.

The following abbreviations are used:
OOL = ocellocular distance, POL = post-
ocellar distance, OD = lateral ocellus di-
ameter; square brackets [ ] are used for la-
bel data indicating that the information is
not on the label and has been added from
other sources. The key provides technical
morphological characters with which to
identify species, but these are often diffi-
cult to see, even with series of specimens
in excellent condition. Females are the
more reliable sex upon which to base de-
terminations.

KEY TO CONE-INFESTING SPECIES OF TORYMUS DALMAN

1 Female: basal cell open behind, cubital vein without setae (Fig. 28, arrow). Both sexes:
metacoxa without setae along outer dorsal margin (as in Figs. 10, 11) and lateral ocellus

subequal in length to ocellocular length (Fig. 5); (ex Tsuga; Palearctic) . ... ..

tsugae Yano

— Female: basal cell partially (Fig. 27) to completely (Fig. 26, arrow) closed behind, cubital
vein with 2 or more setae. Both sexes: either metacoxa with setae along outer dorsal
margin (Figs. 8, 9) or metacoxa without setae (Figs. 10, 11) and lateral ocellus 0.7X or

less length of ocellocular distance (Figs. 1, 23)

2 Metacoxa without setae along outer dorsal margin (Figs. 10, 11); frenal area of scutellum

with (Fig. 3) or without setae ...........

..................................... 3
Metacoxa with short setae along outer dorsal margin (Figs. 8, 9) [note that these are dif-

ferent from longer setae arising on posterior side of coxa in ventral half]; frenal area of

scutellum with setae (as in Fig. 3)

3 Frenal area of scutellum without setae, glabrous and shiny; area polisiied compared to
anterior of scutellum; interocular distance about 1X eye height in facial view (as in Fig.
6); postgenal area in side view narrow, less than 0.3% eye width. Female: metacoxa
narrowly elongate, nearly parallel-sided, over 3 as long as wide (Fig. 10); club without

area of ventral micropilosity on any segment; (ex Picea; Holarctic)
Frenal area of scutellum sparsely setose, with at least a few setae (Fig. 3) or if setae not

..... azurens Boheman

apparent then entire scutellum heavily reticulate; interocular distance about 1.5% eye
height in facial view (Fig. 17); postgenal area in side view wide, 0.5-0.7% eye width
(Fig. 21). Female: metacoxa not elongate, about 2.5-3% as long as wide (as in Figs. 8, 9,
11); at least one club segment with ventral area of micropilosity (as in Fig. 7) ......... 4

4 Toruli 1.5-2X own diameter above ventral eye margin (as in Figs. 6, 16); venter of forewing
basal cell essentially bare, with few or no setac. Female: club segment 3 with ventral

arca of micropilosity (as in Fig. 7); (ex Picea; Palearctic) . . .

ezomatsuanus Kamijo, n. sp.
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Figs. 1-7. Torymus spp. 1-4, T. ezomatsuanus. 5-7, T. tsugae. 1, 5, Female, head, dorsal view. 2, Female,
antenna. 3, Female, scutellum. 4, Male, antenna. 6, Female, head, front view. 7, Female, clava, ventral view.

— Toruli less than own diameter above ventral eye margin (Fig. 17); venter of forewing basal
cell evenly covered with short setae (Fig. 27). Female: club segments 2 and 3 with ventral
area of micropilosity; (ex Abies; Nearctic) ..................... hobbsi Grissell, n. sp.

5 Propodeal spiracle about 3 to 4X its own length from posterior margin of propodeum, ca.
0.3% median length of propodeum (Fig. 13). Female: ovipositor 7X length of metatibia
(sometimes curling and distorting when dry so that it cannot be measured); (ex Picea;
Holarctic) . ... . caudatus Boheman

— Propodeal spiracle less than 3X its own length from posterior margin of propodeum, ca.

0.5 to 0.7% median length of propodeum (Fig. 12). Female: ovipositor not more than 4X
length of metatibia . ... .. 6

6 Funicle segments (Fig. 14) at apex without transverse row of outstanding perpendicular
setae (cf. Figs. 14, 15); female pro- and metafemora slender, over 4X as long as wide;
profemur of male about 3.5X as long as wide. Female: ovipositor less than 3 as long
as metatibia. Male: setae on funicle segments recurved above surface, dense (ca. 3—4
rows), obscuring multiporous plate sensilla (Fig. 14) ......... ... ... ... . ..... ... 7

— Funicle segments (Fig. 15; best seen in profile with backlighting) at apex with transverse
row of bristles clearly projecting at nearly right angles; female pro- and metafemora
slightly enlarged, less than 3.5% as long as wide; profemur of male enlarged, less than
3% as long as wide. Female: ovipositor at least 4X as long as metatibia (but usually
distorted and difficult to measure). Male: setae on funicle segments appressed to surface,
sparse (ca. 2 rows), multiporous plate sensilla apparent as white, flattened bands (Fig.

15); (ex Pseudotsuga; Nearctic) .. ......... ... ... .. ...... pseudotsugae Hobbs, n. sp.



34

JOURNAL OF HYMENOPTERA RESEARCH

7 Female: metacoxa (Fig. 9) with single row of setae (about 5 or fewer) along outer dorsal
margin, reaching 0.2-0.3X length of coxa and creating a gap between them and longer
setae at apical 0.3 of coxa. Male: venter of scape barely sculptured, burnished similar to

face, which is bright metallic green (ex Chamaecyparis; Palearctic)
............ janetiellae Graham and Gijswijt

— Female: metacoxa (Fig. 8) with several setal rows (about 10 or more setae total) along outer
dorsal margin, reaching at least 0.5X length of coxa and meeting longer setae at apical
0.5 of coxa. Male: venter of scape with granulose, coarse sculpture similar to that on
face, which is matt blackish green; (ex Chamaccyparis, Thuja; Nearctic) .. .. festivus Hobbs

Torymus azureus Boheman
Figs. 10, 26

Torymuis aziirens Boheman 1834: 369-370.

Distribution and hosts.—Toryms azureis
is known from western Russia (Ni-
kol’skaya 1952) and eastern Europe (Gra-
ham and Gijswijt 1998). The species was
reared from Kaltenbachiola strobi and Ple-
meliella abietina (Diptera: Cecidomyiidae),
both from Picea abies (Norway spruce)
cones (Bakke 1955, 1963; Graham and Gijs-
wijt 1998). [Bakke (1955) did not specify
the Picea species, but based on his sum-
mary work published in 1963 it may be
assumed that he worked only with Picea
abies in Norway.] Norway spruce is en-
demic to the Palearctic Region (USDA,
NRCS 2001). We have seen 13 from Swe-
den reared from cones of Picea excelsa (=
P. abies). We report T. azureus here for the
first time from Japan (19, Ashoro, Hok-
kaido, 1956, K. Kamijo; 19 Hokkaido (ex-
act locality unknown), 1956, K. Kamijo;
19, Tomakomai, Hokkaido, 1956, K. Kam-
ijo). These specimens were reared from Pi-
cea glefinii (new host record), which is en-
demic to the Palearctic (Japan and Russia;
GRIN 2000).

Bakke (1955) provided a detailed histor-
ical overview of Torymus azureus, includ-
ing both its taxonomic confusion with T.
caudatus (see next species discussion), and
its biological habits. According to Bakke
(1963) T. azurens was common in the low-
lands and southern areas of Norway,

hereas T. caudatus was more common in

higher elevations and northern dis-

tricts. Bakke (1955) summarized published
records of rearings made from Picen cones
containing Laspeyresia strobilella L. (Lepi-
doptera: Olethreutidae) and proved con-
clusively that cecidomyiids were the ac-
tual host.

This species was first reported in the
New World by Grissell (1976) from cones
of endemic Picea engelmannii in Montana
and New Mexico. The origin of T. azureus,
whether Holarctic or introduced from one
region to the other, is not known. It is pos-
sible that T. azureus shifted from intro-
duced Norway spruce to endemic Engle-
mann’s spruce, but so far there are no re-
cords of the species from Norway spruce
in the New World. The Palearctic cecido-
myiid hosts are not known from the New
World (Gagné, pers. comm.).

Discussion.—This species would be
placed in the varians-group by Grissell
(1976) and in its own species-group by
Graham and Gijswijt (1998). Other species
known from coniferous cones are mem-
bers of the bedeguaris- or cingulatus-groups
of Torymus. Torymus azureus is distin-
guished from species in these groups
based on the following species-group
characters: the frenal area is indicated by
an absence of setae (remainder of scutel-
lum with sparse, elongate setae) and being
almost smooth compared to anterior of
scuteltum and dorsum of mesosoma,
which is feebly aciculate; there is no frenal
line. Additional characters that aid in
identification are: the metacoxa distally
has long setae on the inner (flat) surface,
but from an outer (i.e., normal) view these
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Figs. 8-25. Torymus spp. 8-12, Metacoxa, outer view. 8, T. festivus. 9, T. janetiellae. 10, T. azureus. 11, T. Jiobbsi.
12-13, Propodeum. 12, T. pseudotsugae. 13, T. caudatus. 14-15, Funicle segment 5. 14, T. jauetiellac. 15, T.
pseudotsugae. 1617, Head, frontal view. 16, T. pseudotsugae. 17, T. lobbsi. 18-21, Head, side view. 18, T. festivus.
19, T. pseudotsugae. 20, T. janetiellae. 21, T. hobbsi. 22-25, Head, dorsal view. 22, T. pseudotsugae. 23, T. liobbsi.
24, T. janetiellae. 25, T. festivus.
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are usually visible only distally (Fig. 10);
there are no setae along the dorsal margin;
in females the metacoxa is elongate and
parallel-sided being 3 to 3.5X as long as
wide (Fig. 10); and the ovipositor is about
45 to 55X as long as the metatibial
length. The body color for both sexes is
metallic blue green, sometimes with pur-
plish reflections.

Torymus caudatus Boheman
Fig. 13
Torymus caudatus Boheman 1834: 365-366.

Distribution and hosts.—Torymus cauda-
tus is widespread in eastern Europe (Gra-
ham and Gijswijt 1998) where it has been
reared from Kaltenbachiella strobi in cones
of Picea abies (Bakke 1955). In Sweden it
has been reared from cones of Picea excelsa
(= P. abies). We report the species for the
first time from Japan (29, 238, Asahikawa,
Hokkaido, em. 27-VI-1990, K. Kamijo;
specimens in Laboratory of Systematic En-
tomology, Hokkaido University, Sapporo,
Hokkaido), where it was reared from
cones of Picea jezoensis (new host record).

The species is herein reported in the
New World for the first time reared from
cones of Picea abies containing the cecido-
myiid Dasinenra [now = Kaltenbachiola)
canadensis (Felt). The only known locality
is New York (8%, 83, Syracuse, Onondage
Co., coll. 13-X1I-1979, em. 12-1 to 25-III-
1980, P. ]. Sedwick; specimens in National
Museum of Natural History, Washington,
DC). Because Picea abics is a Palearctic tree
species introduced into the Nearctic
(USDA, NRCS 2001), the single known
population of T. caudatus from New York
was most likely introduced.

Discussion.—Bakke (1955, 1963) re-
viewed the taxonomic history and biology
of this species, especially with reference to
its carly and consistent confusion with T.
azureus. This species is placed as a mem-
ber of the bedeguaris-group as defined by
Grissell (1976) and ham and Gijswijt

998). It cannot be d in the key of
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Grissell (1976) because the key treated
only western Nearctic species. It is distin-
guished from other cone-associated spe-
cies based on the following set of charac-
ters: a frenal area is not apparent but has
setae and reticulate sculpture similar to
the anterior of the scutellum; a frenal line
is barely indicated laterally but is medially
obscure except at some angles of view;
metacoxa has many short, recurved setae
along the angled dorsal margin where the
outer face meets the dorsal surface (as in
Fig. 8) and there are a few elongate setae
visible in the basal portion (in both sexes
the metacoxa is not noticeably parallel-
sided); the propodeal spiracle is about 3 to
4% its own greatest length from the pos-
terior margin of the propodeum and about
1/4 the median propodeal length (Fig. 13);
and the ovipositor is about 7X as long as
the metatibial length, but it is usually so
distorted that the length is difficult to
measure. The body color is metallic green
for both sexes.

Torymus ezomatsuanus Kamijo,
new species
Figs. 1-4

Female.—Body length 1.9-2.6 mm. Ovi-
positor sheaths about 2.4-2.5X length of
metatibia. Dark blue to blue violet: pro-
podeum often purplish. Antenna blackish.
Coxae concolorous with mesosoma, re-
mainder dark brown, with pro- and me-
tafemora with metallic reflections. Wings
almost hyaline with veins brownish yel-
low. Head in dorsal view (Fig. 1) about
1.9 as wide as long; temples about 0.3X
as long as eye; occiptal carina not strong;
ocelli small, POL 1.8-2.3x OOL, OOL 1.3-
1.5X OD. Head in front view 1.2-1.3X as
wide as high, genae roundly converging
to mouth. Eyes separated by about 1.3X
their height, with inner orbits subparallel;
malar space about 0.4X eye height; in lat-
eral view genal area about 0.5X eye width.
Torulus slightly more than own diameter
above ventral eye margin. Clypeus with
lower margin almost truncate. Head irreg-
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ularly, finely reticulate, face with sparse,
indistinct piliferous punctures. Antenna
(Fig. 2) weakly clavate; scape not reaching
median ocellus, about 2.9X as long as
wide; combined length of pedicel and fla-
gellum 1.2-1.3X width of head; pedicel
nearly 1.5X as long as wide; anellus dis-
tinctly transverse; F1 much shorter than
pedicel, slightly longer than wide to quad-
rate; F2 as long as pedicel, a little longer
than wide; F4 subquadrate; F7 1.3-1.4X as
wide as long; clava nearly as long as F5-
F7 combined; sensilla disposed in 1 row
on each segment; C3 with a small tuft of
micropilosity beneath (as in Fig. 7). Me-
sosoma 1.6-1.8X as long as wide, in pro-
file propodeum sloping at about 60 de-
grees. Midlobe of mesoscutum densely re-
ticulate, transversely so anteriorly, with
piliferous punctures minute. Scutellum
nearly 1.3X as long as wide, moderately
convex, with sculpture as in posterior part
of mesoscutal midlobe, becoming weaker
and shiny on frenal area, often smooth at
extreme apex but without frenal line; setae
on scutellum (Fig. 3) sparse, usually ab-
sent medially, piliferous punctures a little
larger than on mesoscutum; flange very
narrow, not trabeculate. Propodeum pol-
ished, with superficial alutaceous sculp-
ture, smoother medially and with a row
of very small fovea along base. Lower
mesepimeron small, 1.5X as high as wide.
Metacoxa twice as long as wide, dorsally
without hairs in basal half, outer side
weakly reticulate; metafemur 4.9 as long
as wide; metatibia with longer spur about
as long as width of tibia, shorter spur
about half of longer one. Forewing 2.4X
as long as wide; costal cell on upper sur-
face with a row of setae in apical half; bas-
al vein with about 6 setae; basal cell with
1-9 setae, widely open below; speculum of
moderate size, narrowly open below; rel-
ative lengths of M:PM:ST = 31:9.5:4; ST
petiolate. Metasoma a little longer than
mesosoma; hypopygium reaching 0.7 to
0.8 of gaster. Ovipositor sheaths as long as
metasoma plus half of mesosoma.
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Male.—Differs from female as follows:
Body length 1.7-2.3 mm. Frons and face,
and sometimes mesosoma with coppery
reflections. Legs more extensively darker.
Head in dorsal view fully twice as wide
as long. Antenna (Fig. 4): scape 2.3X as
long as wide; combined length of pedicel
and flagellum 1.3-1.4X width of head;
pedicel slightly longer than wide; F1 a lit-
tle longer than pedicel, slightly longer
than wide or quadrate; F2-F5 equal in
length, quadrate to slightly longer than
wide; F6-F7 usually slightly transverse;
clava shorter than F5-F7, C3 without ven-
tral micropilosity; flagellum with rather
short decumbent setae. Mesosoma more
slender, about 1.8X as long as wide. Scu-
tellum fully 1.3X as long as wide, with
scattered setae all over scutellum except
on frenal area. Forewing less than 2.3X as
long as wide. Metasoma shorter than me-
sosoma.

Etymology.—From “ezomatsu”, the Jap-
anese name of Picea jezoensis, and the suf-
fix -anus.

Type material.—Holotype ?: Chitose
(near Shikotsu-ko), Hokkaido, Japan, em.
I11-1992, ex cecidomyiid larva in seed of
Picea jezoensis, K. Kamijo (deposited in
Laboratory of Systematic Entomology,
Hokkaido University). Paratypes: 159,
1034 with same data as holotype; 2%, Asa-
hikawa, Hokkaido, em. V-1983, ex ceci-
domyiid larvae in seeds of P. jezoensis, F.
Komai; 49, 18, Akan, Hokkaido, em. V-
1983, ex cecidomyiid larvae in seeds of P.
glehnii, F. Komai (deposited in Laboratory
of Systematic Entomology, Hokkaido Uni-
versity, Biabi, Hokkaido, and National
Museum of Natural History, Washington,
DCO).

Distribution.—Japan (Hokkaido). The
host tree is endemic to the Palearctic and
is found in China, Japan, and the Russian
Federation (GRIN 2000).

Host.—Reared from cecidomyiid larvae
in seeds of Picea glelmnii and P. jezoensis.

Discussion.—Torymus ezomatuanus be-
longs to the cingulatus-group of Graham
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and Gijswijt (1998) or to the bedeguaris-
group of Grissell (1976), whose definition
includes the cingulatis-group. This species
belongs to the group of species without
setae on the dorsum of the metacoxa and
is similar in size and color to T. azureus
from which it differs in having the frenal
area sparsely setose (Fig. 3) and sculp-
tured about as for the remainder of the
scutellum (i.e., not nearly polished asin T.
azurenis); in females having the metacoxa
less than about 2.5X as long as wide (as
in Fig. 11, not over 3X as in T. azureus,
Fig. 10) and antennal club segment 3 with
an area of ventral micropilosity (as in Fig.
7). Females have the ovipositor about 2.5X
the length of the metatibia. In both sexes
the color is metallic blue to blue violet or
purplish.

Torymus festivus Hobbs
Figs. 8, 14, 18, 25

Torymus festious Hobbs 1950: 173-175.

Distribution and losts—This species was
reared from Dasineura sp. (Diptera: Ceci-
domyiidae) in seeds of nearctic endemic
western red cedar (Thuja plicata) and Port
Orford cedar (Chamaecyparis lawsoniana)
(Hobbs 1950). It is known from Oregon,
Alaska, and the Northwest Territories
(Grissell 1976). As these trees are native to
the northwestern Nearctic (USDA, NRCS
2001), Torymus festivus should be consid-
ered an endemic Nearctic species. Cur-
rently this species and T. psendotsugae are
the only two species associated with co-
niferous cones that are thought to be en-
demic to the New World.

Discussion.—Torymus festivus is placed
in the bedeguaris-group based upon Gris-
sell (1976). It is phenotypically similar to
T. janetiellae in characters associated with
the antenna, metafemur, propodeum, and
metacoxa, but may be distinguished from
it by the few characters given in the key.
Additi(mally, T. festivus is known (miy
from the Nearctic whereas T. janeticllae is
known only from the Palearctic. Females
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have the ovipositor about 2.7 to 3X as
long as the metatibia. In both sexes the
body color is metallic blue.

Torynus janetiellae Graham and
Gijswijt
Figs. 9, 20, 24

Torymus janetiellie Graham and Gijswijt 1998:
115-116.

Distribution and hosts.—This species was
reared in the Netherlands from cones of
Chamaecyparis lawsoniana containing Jare-
tiella siskiyou (Diptera: Cecidomyiidae)
(Graham and Gijswijt 1998). Chamaecyparis
lawsoniana is an endemic tree native to
southern Oregon and northern California
(GRIN 2000) and the host cecidomyiid is
native to Oregon (Gagné 1989). The fly is
introduced and well established in Europe
(Gagné 1989), as is the tree. It is likely that
T. janetiellae is also introduced (Graham
and Gijswijt 1998). Torymus festivus was
reared from C. lawsoniana in California
and is extremely similar to T. janetiellae,
suggesting an additional affinity of the lat-
ter species to the Nearctic fauna. Graham
and Gijswijt (1998) also suggested that T.
janetiellae could have been introduced
from Japan but gave no reasons for this.

Discussion.—This species is listed as a
member of the bedeguaris-group in Gra-
ham and Gijswijt (1998) and would key to
that group as recognised by Grissell
(1976). It is distinguished from its most
phenotypic congenitor, T. festivus, by char-
acters given in the key. In females the ovi-
positor is less than 2.5X the length of the
metatibial length. In both sexes the body
is metallic green.

Torymus hobbsi Grissell, new species
Figs. 11, 17, 21, 23, 25, 27, 29, 30

Fenale—Body length 2.0-2.5 mm; ovi-
positor sheaths about 4X length of meta-
tibia. Metallic blue black except following
weakly brownish yellow: antenna, legs,
wing veins, ovipositor sheaths; wings hy-
aline. Head in dorsal view (Fig. 23) about
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1.8X as wide as long; temple about 0.5X
as long as eye; occipital carina weak; POL
2.0xX OOL, OOL 1.5 OD, lateral ocellus
small, about 2.0X own longest diameter
from occipital carina (Fig. 23). Head in
front view (Fig. 17) about 1.1X as wide as
high, with genae roundly converging to
mouth; intermalar distance about 2.5X
malar distance. Eyes separated by about
1.4X own height, with inner orbits ven-
trally diverging; malar space about 0.4X
eye height; in lateral view eye appearing
reduced (Fig. 21) with genal area at widest
point about 0.6X eye width. Torulus less
than own diameter above ventral eye mar-
gin (Fig. 17). Clypeus with lower margin
essentially truncate. Head irregularly,
finely reticulate. Antenna weakly clavate
(Fig. 29); scape not reaching median ocel-
lus, about 3X as long as wide; combined
length of pedicel and flagellum about
equal to width of head; pedicel in lateral
view about 1.2X as long as wide; anellus
distinctly transverse; F1 slightly shorter
than pedicel, quadrate; F2 slightly longer
than pedicel, a little longer than wide; F4
slightly wider than long; F7 about 1.5X as
wide as long; clava equal to or longer than
F5-F7 combined; sensilla arranged in 1
row on each segment; C3 without micro-
pilosity beneath. Mesosoma ca 1.8X as
long as wide, in profile propodeum slop-
ing at about 60 degrees. Entire dorsal sur-
face densely reticulate (transversely so just
posterior to pronotum); lateral surfaces in
most specimens nearly similarly sculp-
tured (including acropleuron, upper and
lower epimeron, and metapleuron), but
some nearly smooth on lateral surfaces
(see “Variation”’, below). Scutellum about
as long as wide, moderately convex, with-
out frenal line; setae sparse (about as in
Fig. 3) to absent; scutellar flange narrow
(barely perceptable), with no trace of pits.
Propodeum nearly as reticulate as scutel-
lum, with row of small fovea along ante-
rior margin. Lower mesepimeron about
1.8X as high as wide. Metacoxa about 3-
3.5X as long as wide, dorsally without se-
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tae in basal half (Fig. 11), outer face retic-
ulate; metafemur about 4X as long as
wide; metatibia with longer spur about as
long as width of tibia, shorter spur about
0.6X as long as longer one. Forewing
about 2.5X as long as wide; upper and
lower anterior margin of costal cell (Fig.
27) with setal row, apical half of costal cell
with 3 or 4 rows setal rows below; basal
vein with 1 to 2 rows of setae; basal cell
below almost uniformly covered with wide-
spaced setae, above with only a few setae,
cubital vein beneath basal cell with few se-
tae apically (i.e., mostly open below); spec-
ulum apparent on upper surface, but with
setae on lower; approximate relative lengths
of marginal:postmarginal:stigmal veins 30:
9:4; stigmal vein petiolate. Metasoma slight-
ly longer than mesosoma; hypopygium
about 0.7X length of gaster. Ovipositor
sheaths as long as body.

Male—Body length 1.9-2.9 mm. Differ-
ing from female as follows: Antenna (Fig.
30): scape about 6X as long as wide; ped-
icel nearly 2X as long as wide; F1 shorter
than pedicel, about as long as width of
pedicel; F2-F7 wider than long; clava ven-
trally flattened, longer than F5-F7, C3
without ventral micropilosity; flagellum
with short decumbent setae.

Variation.—This species appears to be
highly variable in sculpture. In one rear-
ing (Newport) 2 female and 2 males are
lightly sculptured and 2 males are heavily
sculptured. In an August rearing at Cres-
cent City, 1 female and 1 male are lightly
sculptured and 2 females are heavily
sculptured, but an October rearing from
the same locality has 1 female and 4 males
all heavily sculptured. All other characters
for these specimens appear to be consis-
tent. In all specimens the torulus varies
from slightly to much less than its own
diameter above the ventral eye margins
(Fig. 17), but this variation appears to be
due to slight distortions of the head. (See
also discussion section, below.)

Etymiology.—This species is named in
honor of Kenneth R. Hobbs who, iong
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Figs. 26-30. Torymus spp. 26-28, Forewing, basal portion, arrow points to cubital vein. 26, T. azureus. 27, T.
hobbsi. 28, T. tsugae. 29-30, T. iobbsi, antenna. 29, Female. 30, Male.

ago, played a major role in its describer’s
pursuit of the torymids. Sadly, Kenny
passed away before he could see the pub-
lication of this paper.

Type material.—Holotype %: Crescent
City, [Del Norte Co.], California, 17-VIII-
[19]14, Paterson, Hopkins No. 12557g, [ex
cones| Picea sitchensis (deposited in Na-
tional Museum of Natural History, Wash-
ington, DC). Paratypes: 2%, 13, same data
as holotype [18 Hopkins No. 12577g]; 19,
44, same data except 3-X-[19]13, P. D. Ser-
gent, Hopkins No. 10850k, [ex cones] Picea
sitchensis Colorado: 19, 24, Glenwood
Springs, [Garfield Co.], 25-X-[19]13, reared
1V-]19]14, Hopkins No. 10859¢, [ex cones]
Picea sitchensis. Oregon: 22, 48, Newport,
[Lincoln Co.], reared 12-X-[19]15, ]. M.
Miller, Hopkins No. 13305a, [ex cones] Pi-
cea sitchensis (all specimens deposited in
National Museum of Natural History,
Washington, DC).

Distribution.—California, Oregon, and
Colorado. According to GRIN (2000) the
host tree is endemic to the Nearctic and is

1d in Alaska, British Columbia, Wash-

ington, Oregon, and northern California,
but no mention is made of Colorado. It is
possible that the latter host tree was mis-
identified.

Host.—Reared from cones of Picea sitch-
ensis.

Discussion.—Torymus hobbsi is some-
what difficult to place within a species
group. Following Grissell (1976) some
specimens would fall within the varians-
group based on the apparent absence of
setae in the frenal area. The setae are
sparse at best and may simply be missing.
The frenal area is not delimited and the
scutellum is heavily sculptured. In the Ne-
arctic key (Grissell 1976) this species runs
to couplet 3 in the species group where it
could then run either to couplet 4 based
on the small ocelli, or couplet 5 based on
the higher than wide epimeron. Its round
face (Fig. 17), reduced eyes (Fig. 21), and
basal cell with numerous setae beneath
distinguish it from all four species in-
volved in these two couplets. In the key
to Palearctic species (Graham and Gijswijt
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Fig. 31. Pseudotsuga menziesii cone. Cross section
showing scale galls (white circles) of Contarinia ore-
gonensis (Cecidomyiidae) (modified from Gagné 1989,
Fig. 356, reprinted by permission).

1998) T. hobbsi runs to couplet 4 where it
fits neither of the two treated species.
Torymus hobbsi differs from other spe-
cies of Torymus reared from cones based
upon the basal cell and parastigmal areas,
which are nearly uniformly setose on the
under side (Fig. 27). It also differs in part
in the following respects [exceptions are
noted in brackets]: the torulus is less than
its own diameter above the ventral eye
margin (Fig. 17) [also ezomatsuanus, cau-
datus, and azureus, especially when the
head is collapsed]; the postgenal area is
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about 0.6-0.7X the eye width in lateral
view (Fig. 21); the interocular distance is
about 1.5X the eye height [also ezomatsu-
anus); female and male T. liobbsi have the
antennal club equal to or greater in length
than the preceeding 3 segments (Figs. 29,
30); male T. hobbsi have the club some-
what flattened ventrally and distinctly
acuminate at the apex (Fig. 30). Some
specimens of T. lobbsi differ based upon
the heavily sculptured acropleuron, upper
and lower epimeron, metapleuron, and
propodeum (all other species are essen-
tially polished in these areas). Unfortu-
nately the expression of sculpture in these
areas is not consistent on all specimens,
even in a single rearing, so that the above
characters must be used in combination.
In females, the ovipositor is about 4X as
long as the metatibia. In both sexes the
color is bluish black.

Four specimens reared from the series
collected in Crescent City appear to rep-
resent either extreme variations of Tory-
mus hobbsi, or a different species entirely.
These have setae on the dorsum of the me-
tacoxa and on the frenal area, both char-
acters that indicate assignment to a differ-
ent species group. It will require collection
and analysis of new material in excellent
condition to determine if more than one
species is living in the cones of Picen sitch-
eHsis.

Torymus pseudotsugae Hobbs,
new species
Figs. 12, 15, 16, 19, 22

Holotype female—Body length 2.0 mm;
ovipositor sheaths abut 4X length of me-
tatibia. Metallic blue with purple reflec-
tions under indirect light, including pedi-
cel, anellus, head, thorax and abdomen;
following light amber: scape, except apical
2/3 of dorsal surface dark blue, trochan-
ters, femora at bases and apices, dorso-lat-
eral surfaces of tibiae metallic blue fading
to brown on ventral and mesolateral sur-
faces; protarsal segments nearly uniform
brown, mesotarsal segments similar with
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basitarsus lighter brown, metabasitarsus
off white with each segment increasingly
brown distally; wing veins light brown
basally becoming darker distally, stigmal
vein prominently petiolate; areas between
postmarginal vein and stigmas vein light
brown. Face and dorsal aspects of thorax
bearing closely appressed white setae
about as long as distance between them;
clypeal and apical scutellar hairs twice
this length; metacoxa with dorsal setae.
Head in dorsal view 1.7X as wide as long;
temple 0.3X as long as eye; occipital cari-
na developed; POL 2.5X OOL, OOL 1.6X
OD, lateral ocellus 1.7X own longest di-
ameter from occipital carina (Fig. 22).
Head in front view (Fig. 16) 1.1X as wide
as high, with gena roundly converging to
mouth; intermalar distance 2.7X malar
distance. Eyes separated by about own
height, with inner margins ventrally
slightly diverging; malar space 0.3X eye
height; in lateral view eye not appearing
reduced (Fig. 19; cf Fig. 21, hobbsi) with
genal area at widest point 0.5X eye width.
Torulus about 1.5-2X own diameter
above ventral eye margin (Fig. 16). Clyp-
eus with lower margin truncate, slightly
recessed relative to ventral margin of head
(Fig. 16). Antenna cylindrical (as in Fig. 4),
scape not reaching median ocellus, about
4X as long as wide; combined length of
pedicel and flagellum about much greater
than width of head; pedicel in lateral view
2% as long as broad, anellus quadrate ta-
pering basally, ratio pedicel:anellus:F1
through F7:club as 7:3:4:5:5:5:5:6:3 (Fig.
29); anterior 3/4 of pronotum transversely
aciculate, posterior 1/4 finely reticulate as
in remainder of dorsal surface of scutum
and scutellum; forewing (Fig. 27) relative-
ly bare basally, costal cell in basal 1/4 and
apical 1/3 with upper and lower setal
rows, lower surface with additional scat-
tered setae behind setal row, basal cell
with several setae paralleling submarginal
vein, basal vein with 1 or 2 setae, cubital
vein entirely sctose; frenum and frenal
ine absent. Mesosoma about 1.6X as long
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as wide, propodeum sloping at about 60
degree angle, smooth medially, this area
interrupting anterior row of minute pits
(Fig. 12); laterally with longitudinally ori-
ented reticulation; propodeum narrowed
medially, distance between inner margin
of spiracles 3X median propodeal length
(Fig. 12). Mesosoma evenly reticulate over
dorsal surface. Metasoma finely, distinctly
reticulate laterally and dorsally except
Mt2 smooth, Mt2-Mt5 medially deeply
emarginate [best seen on paratype speci-
mens], ovipositor longer than body.

Male.—Length 1.5-2.5 mm. Differing
from female only in having more metallic
green color; ocellocular and ocelloccipital
distances equal to lateral ocellus diameter;
and epimeron about 0.7X as wide as high.

Variation.—Females vary in length from
1.8 to 2.5 mm. with the ovipositor from 2.1
to 2.3 mm. Females are uniform blue with
some purple reflections. The males tend to
be more green, however, some are nearly
as blue as females.

Etymology.—This species is named for
the association with its host plant, Psen-
dotsuga menziesii.

Type materinl.—Holotype %: Oregon,
[Coos Co.], Two Mile Road west of High-
way 101 south of Bandon, 23-I1X-1998, C.
Hobbs, B. Baugh and S. Brown coll,
reared from cones of Pseudotsuga menziesii,
emerged in lab 2-11-1999 (deposited in Na-
tional Museum of Natural History, Wash-
ington DC). Paratypes: 739,593 (in USNM
unless otherwise noted): 29, 8J, same
data as holotype. USA: California: 62,
14, Santa Cruz Co., Bonnie Doon, 1/2 mi.
ne 4600 Smith Grade Road, 23-1X-1998, B.
Hobbs, C. Hobbs, K. Hobbs, reared from
cones of Pseudotsuga menziesii, emerged 8-
I'to 2-11-1999; 3%, 13, [Siskiyou Co.], Hap-
py Camp, Klamath National Forest, 27-
VII-[19]54, Hopkins No. 34018d, Pseudo-
tsuga taxifolin (now = menziesii); 19, Sis-
kiyou Co., Etna, XI-1957, T. W. Koerber,
Hopkins No. 34097a, Psendotsuga menziesii;
49, 18, [Humboldt Co.], Orleans, 12-26-
VIII-[19]54, Hopkins No. 34091d, Pseudo-
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tsuga taxifolin (now = menziesii); 139, 64,
Humboldt Co., Orleans, T. W. Koerber,
Hopkins No. 37500a, Pseudotsiga ienziesii;
49, Trinity Co., Salyer, 1X-1957, T. W.
Koerber, Hopkins No. 37504a, Psendotstuga
menziesii. Idaho: 59, 63, Shoshone Co., 9
mi. nw Kellog, ex cones P. nienziesii; 189,
143, ldaho Co., ca. 1.8 mi sse Graves
Butte, US Hwy. 12, mi. marker 139. ex.
cones P. menziesii (specimens deposited in
Natural History Museum, London; Cana-
dian National Collection, Ottawa); 7%, 53,
Boise Co., 1 mi. e Lowman, TON, R&E,
Sec. 35, 19-VIII-1972, R. W. Clausen, ex
cones P. menziesii; 19,13, McCall, [Valley
Co.], 12-VIlI-1971, J. Dale, Hopkins No.
14280f, ex Douglas-fir cones. Oregon: 1?,
73, [Jackson Co.], Mistletoe, 25-VIII-
[19]16, ]. E. Patterson, Pseudotsuga taxifolia
(now = menziesii). CANADA: British Co-
lombia: 89, 94, southern Vancouver Is-
land, VIII-1994, R. Bennetem. Spring 1995,
ex cones P. taxifolia (now = menziesii).

Distribution.—This species is widely dis-
tributed from northern California to
southern British Colombia.

Hosts.—This species has been reared
from seeds and cones of Pseudotsnuga mei-
ziesii. Douglas-fir is endemic to the west-
ern United States and Canada (GRIN
2000) and so far has only a single known
cecidomyiid species (Contarinia oregonensis
Foote) that feeds in the cone scales (Fig.
31). It is possible that a seed-feeding ceci-
domyiid could also be present, but none
has been reported (Gagné 1989 and per-
sonal communication).

Discussion.—Torymus psendotsugae is a
member of the bedeguaris species group as
defined by Grissell (1976) and Graham
and Gijswijt (1998). Among western Ne-
arctic Torymus, the species would run to
T. coloradensis (Huber) in the key by Gris-
sell (1976); in the Palearctic Region it
would run to T. hylesini Graham in Gra-
ham and Gijswijt (1998) (neither of these
species is associated with coniferous
cones). It is distinguished from cone-as-
sociated species by the following set of
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characters: the scutellum has no frenal
area, is evenly covered with reticulate
sculpture and sparse setae, and has no fre-
nal line; the metacoxa is not elongate but
is parallel-sided, with a few long setae dis-
tally and many short, recurved setae along
the angled dorsal margin where the outer
face meets the dorsal surface; the propo-
deal spiracle is less than 3X its own great-
est length from the posterior margin of the
propodeum and about 1/2 to 1/3 the me-
dian propodeal length (Fig. 12). In males
the funicular segements have 2 rows of
appressed setae that do not obscure the
multiporous plate sensilla (Fig. 15), and in
both sexes there is a single row of bristles
that project at nearly right angles (Fig. 15).
In females the ovipositor is about 4X as
long as the metatibial length. In both sexes
the body varies from metallic green, blue,
or purple, with combinations of blue-
green to bluish purple.

Interestingly Torymus pseudotsugae has
not, until now, been recognized even
though Douglas-fir seeds are a valuable
crop (Masters 2003) and have been the ob-
ject of much study (Johnson and Hedlin
1967, Hedlin et al. 1980, Hermann and
Lavender 1990, Ministry of Forestry 2003).
According to Hermann and Lavender
(1990) the most destructive insects in-
clude: the Douglas-fir seed chalcid (Me-
gastigmus  sperinotrophns Wachtl) (Hyme-
noptera), the Douglas-fir cone moth (Bar-
bara colfaxiana Kearfott) and the fir cone
worm (Dioryctria abietivorella Grote) (Lep-
idoptera), and the Douglas-fir cone gall
midge (Contarinia oregoneusis Foote) and
cone scale midge (C. washingtonensis John-
son) (Diptera). According to Hedlin et al.
(1980) any of these insects may effectively
destroy a cone crop in a given location;
Masters (2003) reported that cecidomyiid
cone gall midges can cause a reduction of
up to 80% in seed production. There are
at least 5 described species of Cecidomyi-
idae (Diptera) (Gagne 1989) on Pseudotsii-
ga, and it is one or more of these species
that is the likely host of Torymnius pseido-
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tsugae. If Torymus pseudotsugae is parasit-
izing one or more of the cecidomyiids, as
is most likely based on the other cone-in-
festing Torymus examined in our study,
then its value as a biological control agent
has been overlooked completely.

Torymus tsugae (Yano)
Figs. 5-7, 28

Callimonie tsugae Yano [in Yano and Koyama]
1918a: 44—45; 1918b: 373.

This species was originally described
from specimens reared from seeds of Jap-
anese hemlock, Tsuga sieboldii. Yano did
not give any other data for the types.
Nothing has been published on T. tsugae
since its description, and we have been
unable to locate specimens of this species
for comparison. Information about types
was requested from Dr. Akihiko Shino-
hara, National Science Museum, Tokyo,
and Dr. Tikahiko Naito, Kobe University,
Kobe; both replied that Yano type material
is not housed at these institutions. Kamijo
(1962), writing of the type material of Me-
gastigmus cryptonieriae Yano, M. inamiirae
Yano, and M. thuyopsis Yano, stated that it
had been “destroyed by fire.” Because To-
rynius tsugae was described in the same
paper (Yano and Koyama 1918a) as these
Megastigmus, it is likely that the types of
this species were destroyed in the same
fire. The following redescription is based
on specimens reared from Japanese hem-
lock, the original host plant, which is na-
tive to Japan and Korea (GRIN 2000).

Female.—Body length 1.8-2.3 mm; ovi-
positor sheaths about 3.9 as long as me-
tatibia. Dark blue with a violet or a green-
ish tinge in places. Scape testaceous, dark-
er apically; pedicel and flagellum blackish.
Legs testaceous: coxae and metafemur
dark blue; pro- and mesofemora and me-
tatibia medially darkened, usually with
metallic reflections. Wings hyaliné, with
veins yellowish testaccous. Head in dorsal

w (Fig. 5) about 1.9X as wide as long;
| carina not strong. POL 2.2-2.27 X
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OOL, OOL 0.95-1.2X OD. Head in front
view (Fig. 6) rounded, 1.16-1.18 X as wide
as high. Eyes separated by 1.1X their
height, with inner orbits subparallel. Ma-
lar space about one third height of eye;
genae roundly converging towards
mouth; in lateral view genal area about
0.3X eye width. Torulus about 1.5X own
diameter above ventral eye margin. Clyp-
eus with lower margin truncate or very
shallowly emarginate. Both mandibles tri-
dentate. Vertex and frons irregularly,
densely reticulate, somewhat granulate,
with sparse, rather distinct piliferous
punctures. Face finely reticulate; setae on
face short, with piliferous punctures indis-
tinct. Antenna (Fig. 6): scape not reaching
median ocellus, 3.4X as long as wide; ped-
icel plus flagellum about 1.3X width of
head; pedicel 1.7-1.9X as long as wide, a
little longer than F1; flagellum distinctly
clavate; anellus slightly transverse to al-
most as long as wide; F1 quadrate to
slightly longer than wide; F2 and F3 equal
in length, a little longer than wide; F6 and
F7 transverse; clava as long as F5-F7 com-
bined, 2.0-2.25X as long as wide: C3 with
a small tuft of micropilosity beneath (Fig.
7); sensilla disposed in 1 row on each fu-
nicle segment. Mesosoma nearly 1.7X as
long as wide; in profile, propodeum slop-
ing at about 60 degrees. Mid lobe of me-
soscutum transversely reticulate, more or
less imbricate in anterior half; setae mod-
erately dense, with piliferous punctures
shallow and indistinct. Scutellum 1.2X as
long as wide, flat in longitudinal axis, re-
ticulate, very densely so anteriorly; fre-
num indicated by very weak, almost
smooth sculpture but frenal line absent;
setae on scutellum about as in Fig. 3, with
piliferous punctures distinct. Propodeum
longitudinally, weakly sculptured, with a
row of very small fovea along base. Lower
mesepimeron small, 1.5X as high as wide.
Metacoxa about 25X as long as wide,
very weakly sculptured, dorsally with a
carina and without setae in basal half; me-
tafemur 4.4-4.7X as long as wide, with
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sparse, elongate piliferous punctures; me-
tatibia with longer spur as long as width
of tibia, shorter spur longer than half of
longer one. Forewing 2.5X as long as
wide; costal cell on upper surface with a
row of setae apically; basal cell bare, open
below (Fig. 28); basal vein with a few se-
tae; speculum moderately large, narrowly
open below; relative lengths of marginal:
postmarginal: stigmal veins = 31:7:3.1; ST
petiolate. Metasoma a little longer than
mesosoma, compressed; hypopygium
reaching about 0.7 of gaster. Ovipositor
sheaths slightly longer than body.

Male.—Differs from female as follows.
Body length 1.6-2.1 mm. Antenna: scape
about 2.4X as long as wide; pedicel plus
flagellum about 1.4X width of head; ped-
icel 1.3X as long as wide, a little shorter
than F1; anellus distinctly transverse; F1-
F2 subquadrate; distal funicle segments
weakly transverse; clava without visible
tuft of micropilosity. Mesosoma slender,
1.8-1.9X as long as wide. Scutellum 1.3X
1s long as wide or more, with scattered
setae all over scutellum except on frenal
area. Metasoma usually shorter than me-
50s0ma.

Specimens examined —62, 63, Shiga-Ko-
zen, Nagano Pref., Honshu, Japan, em.
10.iv.~4.v.1957, ex seeds of Tstga sieboldii,
K. Kamijo (5%, 53, in Laboratory of Sys-
tematic Entomology, Hokkaido Universi-
ty; 19, 18, National Museum of Natural
History, Washington, DC).

Distribittion.—Japan (Honshu). The host
tree is endemic to the Palearctic and is
known only from Japan and South Korea
(GRIN 2000).

Host.—Reared from seeds of Tsuga sie-
holdii.

Discuission.—This species would be
placed in the bedeguaris-group by Grissell
(1976) and Graham and Gijswijt (1998).
Forymus tsugae is recognized in females by
having a few setae on the frenal area (as
in Fig. 3), the ovipositor sheaths less than
about 4X as long as hindtibia (4.5 to 5.5%
as long in azureus), the metacoxa about
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2.5X as long as wide and not parallel-sid-
ed (about 3.5X as long and parallel-sided
in azureus), and the absence of setae on the
basal vein and along the posterior margin
of the basal cell (Fig. 28). In males, there
may be a few setae along the basal vein
(as in male T. azureus), but the speculum
is open posteriorly (i.e., there are no setae
on the poximal part of the cubital vein,
thus leaving a bare path from the specu-
lum to the posterior wing margin (Fig. 28).
Other species generally have setae in the
area posteriad of the speculum (e.g., Figs.
26, 27). Both sexes of T. tsugae are metallic
blue to violet with some green tinges.

HOST PLANT/TORYMUS LIST

(All species reared from coniferous
cones. Insect hosts, when known, are Ce-
cidomyiidae (Diptera) in cones or seeds.)

Chanecyparis lawsoniana (A. Murray) Par-
latore (Port Orford cedar)
Dasinentra sp.: Torymus festivis Hobbs
Janetiella siskiyou Felt: Torymus janetiellae
Graham and Gijswijt
Picea abies (L.) Karsten (Norway spruce)
Kaltenbachiola canadensis (Felt): Torymus
caudatus Boheman
Kaltenbachiola strobi (Winnertz): Torymus
azureus Boheman, Torymus caudatus
Boheman
Plemeliella abieting Seitner: Torymus aziir-
ens Boheman
Picea engelmannii Parry ex Engelmann (En-
gelmann spruce)
unknown host in cones: Torymuis azureus
Boheman
Picea glelnii (F. Schmidt) Masters (Sakha-
lin spruce)
cecidomyiid in seed: Torymuis azurens
Boheman, Torymus ezomatsuanus
Kamijo
Picea jezoensis (Siebold and Zuccarini) Car-
riere (ezo spruce)
cecidomyiid in seed: Torymus ezomatsii-
anus Kamijo
Picea sitchensis (Bongard) Carriere (Sitka
spruce)
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unknown host in cones: Torymus hobbsi
Grissell
Psendotsuga menziesii (Mirbel) Franco
(Douglas-fir)
unknown host in seeds and cones: To-
rymus psetidotsigae Hobbs
Thuja plicata Donn ex D. Don (western red
cedar)
Dasineura sp.: Torynus festivus Hobbs
Tsuga sieboldii Carriere (Japanese hemlock)
unknown host in seeds: Torymus tsigae
(Yano)
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